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Summary
Background: Anterior knee laxity measurement serves both to diagnose and to evaluate the
severity of anterior cruciate ligament (ACL) damage.
Hypothesis: We tested the hypothesis that anterior laxity measurements of ACL-deﬁcient knees
obtained using the GNRB® system and stress radiographs differed from each other and from
intraoperative navigation measurement taken as the reference standard.
Material and methods: Twenty-one patients with chronic ACL deﬁciency underwent arthroscopic ACL reconstruction. Anterior knee laxity was measured preoperatively using the GNRB®
system without anaesthesia and anterior-drawer stress radiographs under anaesthesia then
intraoperatively using a non-image-based navigation system.
Results: The three measurements differed signiﬁcantly (P = 0.05). A systematic measurement
error of −3.7 mm occurred for both preoperative measurements versus the reference standard.
No signiﬁcant difference was found between the two preoperative measurements.
Discussion: The GNRB® system should be preferred over stress radiographs, as reliability is
similar but no radiation exposure is required. Both preoperative measurement methods underestimate anterior laxity as measured intraoperatively using the navigation system. This systematic
bias may be relevant to treatment decision-making.
Level of evidence: II, development of a diagnostic criterion in consecutive patients versus a
validated reference standard.
© 2013 Elsevier Masson SAS. All rights reserved.
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Introduction
Anterior knee laxity measurement serves both to diagnose
and to evaluate the severity of anterior cruciate ligament
(ACL) lesions [1,2]. Physical manoeuvres have been proven
highly reliable for diagnosing ACL deﬁciency but perform
poorly in quantifying the degree of knee laxity [3]. Instrumented measurements based on stress radiographs or the
KT-1000 arthrometer are widely used despite evidence that
their reliability may fail to meet expectations [4,5]. The
GNRB® system (GeNouRoB, Laval, France) [6] was developed to improve the accuracy and reproducibility of anterior
knee laxity measurements [6]. Initial validation studies performed by its designers [6] and by an independent group
[7] have produced promising results. However, these studies compared two conventional techniques to each another
without using a third method as a reference standard.
Navigation systems have been validated as instruments
for anterior knee laxity measurement, although they are
rarely used for this purpose in everyday practice [8,9]. The
well-documented accuracy and reproducibility of navigation
systems support their use as the reference standard against
which other methods can be compared.
Our working hypothesis was that anterior knee laxity
measurements of ACL-deﬁcient knees obtained using the
GNRB® system and stress radiographs differed from each
other and from the reference standard consisting in intraoperative measurement using a navigation system.

Material and methods
Patients
We studied 21 patients, 14 men and seven women with a
mean age of 28 years, with a diagnosis of chronic ACL deﬁciency based on conventional manoeuvres (Lachman test
and Jerk test) with or without magnetic resonance imaging.
All 21 patients underwent arthroscopic ACL reconstruction.

Measurements
Anterior knee laxity was measured immediately before the
procedure and anaesthesia using the GNRB® system [6]
with the knee in 25◦ of ﬂexion and an anterior traction
load of 250 N calibrated by the system. Then, after anaesthesia induction but before the reconstruction procedure,
anterior-drawer stress radiographs were obtained using a
protocol similar to that described by Lerat et al. [3], with
the knee in 25◦ of ﬂexion and a 250-N anterior traction
load calibrated using the KT2000® arthrometre (Medmetric, San Diego, CA, USA) [10]. Finally, anterior knee laxity
was measured intraoperatively, before ACL reconstruction,
using the OrthoPilot® navigation system (Aesculap, Tuttlingen, Germany) with the knee in 25◦ of ﬂexion and maximal
uncalibrated manual traction.

Statistical analysis
Laxity values in millimetres were described as mean ± SD
and range. The values obtained using the three techniques
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Table 1

Measured values of anterior knee laxity, in mm.

GNRB®
Stress radiographs
Navigation

Mean

SD

Minimum

Maximum

8.6
8.6
12.3

2.8
3.6
4.1

5
3
5

17
17
22

were compared using the Friedman test with a 5% signiﬁcance threshold.
GNRB® and stress radiograph values were compared to
navigation system values using the Wilcoxon test for paired
data and Spearman’s correlation test with a 5% signiﬁcance
threshold. Agreement between pairs of values was assessed
as described by Bland and Altman. Agreement was considered satisfactory when the correlation between the mean
value and the difference between paired values was poor
(R2 < 0.4).

Results
Table 1 reports the results. A signiﬁcant difference was
found among the anterior laxity values obtained using the
three methods (P = 0.05).
The values obtained using the GNRB® and the navigation
system differed signiﬁcantly from each other (P = 0.007). No
signiﬁcant correlation was found between the two values
(R = −0.04). Agreement between the two values was satisfactory (R2 = 0.12) with a systematic measurement bias of
−3.7 mm for the GNRB® values.
The stress radiograph values also differed signiﬁcantly
from the values obtained using the navigation system
(P = 0.01). There was no signiﬁcant correlation between the
two values (R = −0.12). Satisfactory agreement between the
two values was noted (R2 = 0.02) with a systematic measurement bias of −3.7 mm for the stress radiograph values.
No signiﬁcant difference was found between the GNRB®
values obtained before anaesthesia and the stress radiograph values obtained under anaesthesia. These two
values were not signiﬁcantly correlated with each other
(R = 0.37). Agreement between the two values was satisfactory (R2 = 0.06) with a systematic measurement bias close to
0.

Discussion
Our ﬁrst hypothesis was refuted: no signiﬁcance difference
was found between anterior laxity of ACL-deﬁcient knees
measured using the GNRB® system and stress radiographs.
Our second hypothesis was conﬁrmed: both the GNRB® and
the stress radiograph measurements differed from the intraoperative navigation system value chosen as the reference
standard.
Accurate anterior laxity measurement is crucial in ACL
reconstruction, both to select the best technique and to
evaluate the quality of the result. Pre- and postoperative
anterior laxity measurements are usually obtained using
either instrumented techniques, such as the KT-1000 [10]
or Rolimeter [11], or radiographic techniques [12]. However, the accuracy of these methods has been challenged
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[4,5]. Previously published studies suggest that the GNRB®
system may signiﬁcantly improve the accuracy and reproducibility of anterior laxity measurement in ACL-deﬁcient
knees [6,7,13].
The navigation system used in our study has been well
validated both as an aid to ACL reconstruction [14], and as
a tool for measuring anterior laxity [15—17]. It therefore
appears as a good reference standard for validating more
conventional measurement tools such as the GNRB® system.
In our study, the two conventional measurement techniques (GNRB® and stress radiography) produced similar
preoperative anterior laxity values in a given patient. However, overall, these two methods underestimated laxity
as measured intraoperatively using the navigation system
before ACL reconstruction. The systematic measurement
bias was nearly −4 mm, i.e., a decrease of about one-third.
In our study, stress radiography and the GNRB® system
were not different in terms of accuracy in measuring preoperative anterior laxity. Therefore, if accuracy is the only
point of interest, the choice between the two methods
is a matter of schools of thought or individual practice
patterns. However, GNRB® measurement does not require
radiation exposure and can therefore be used as often as
desired without putting the patient at risk [13]. GNRB®
would consequently seem to deserve preference as a method
for anterior knee laxity measurement before ACL reconstruction, although purchasing the device represents a
substantial investment.
Our study has several limitations. The sample size is
fairly small, and different results would perhaps have been
obtained in a larger sample. However, the use of each
patient as his or her own control increased the power of the
study despite the limited number of patients. The GNRB®
measurements were obtained in the awake patients and
the stress radiograph and navigation system measurements
under anaesthesia. Hamstring muscle contraction in the
awake state but not under anaesthesia is a potential source
of signiﬁcant bias. However, use of the GNRB® system in the
operating room after anaesthesia induction was not consistent with good aseptic practice. The absence of a signiﬁcant
difference between the GNRB® values obtained before
anaesthesia and the stress radiograph values obtained under
anaesthesia with identical calibrated traction loads argues
strongly against substantial bias related to variations in
hamstring contraction. Absence of calibration of the navigation system measurement may have noticeably biased the
comparisons with the GNRB® and stress radiograph measurements. Parasitic rotational laxity, which is not measured by
the GNRB® system [17,18], may affect the projections of the
measurement points. Finally, with all measurement methods, uncertainty exists regarding the reference position in
the absence of anterior traction. This reference position
may differ between GNRB® measurement performed in the
awake state and stress radiograph or navigation system measurements performed under anaesthesia.
Despite these limitations, our study seems to allow a
number of valid conclusions:
• the GNRB® system is as reliable as stress radiography but
involves no radiation exposure to the patient and therefore deserves preference;
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• preoperative measurements using the GNRB® system or
stress radiography may underestimate the actual degree
of anterior laxity as measured intraoperatively using the
navigation system. This systematic measurement bias
should be taken into account when making treatment
decisions.
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